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MUlTftKf CURRICULUM MATERIAtS 



The nalitary"dsvelc^)ed curriculum materials in this course 
padcage were selected by the National Center fior Research in 
, Vocational Education Military CXtrriculum Project for dissent- 
ination to the six r^jjonal Curriculum Coordination Centers and 
other instructional materials agencies. The purpose ox 
disseminating ttiese courses vras to make curricul\im materials 
dBvelc$)ed by the military irsore accessible to vocational 
eduijatoEs in the civilian setting. 

TSae course itaterials were acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissonination. Materials v^cb were specific to the ntlitary 
yere deleted, copyrighted materials were either omitted or appro- 
val for their use was obtained. These course packages contain 
curriaalum resource itaterials v^di can be adapted to support 
vocational instruction and curriculum development. 



Military . 

Curriculum Materials 
Dissemination Is . . . 



What Materials 
Are Available? 



How Can These 
Materials Be Obtained? 



an activity to increase the accessibility of 
military developed curriculum materials to 
vocational and technical educators. 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form frcjjn the Corst Guard, Air Force, 
Army, Marine Corps and Navy. 

Access to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office of 
Education and the Department of Defense. 

Jhe acquired materials are reviewed by staff 
nnd subject matter specialists, and courses 
deemed applicable to vocational and tech- 
nical education are selected for dissemination. 

The National Center for Research in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
Acquire the materials and condutt'the project 
activities. 

Project Staff; 

if 

Wesley E. Budke, Ph.D., Director 
Nation^! Center Clearinghouse 

Shirley A, Chase. Ph.D. 
Project Director 



One hundred twenty courses on microfiche 
{thirteen in paper form} and descriptions of 
each have been provided to the vocational 
Curriculum Cpordination Centers and other 
instructional materials agencies for dissemi- 
nation. , 

Course materials include progrannrrred 
instruction, curriculum outlines, instructor 
guides, student workbooks and technical 
manuals. 

The 120 courses represent the following 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Bu(ldinc| & 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air 
Condiiioning 
Machine Shop 
Management Si 

Supervision 
Meteorology & 

Navigation 
Photography 
Public Service 



1' 



The number of courses and the subject areas 
represented will expand as additional mate- 
rials with application to vocational and 
technical education are identified and selected 
for dissemination. 



Contact the Curriculum Coordination Center 
in your regiort for information on obtainmg 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you to an instructional materials agency 
closer to you. 
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The National Center for Reseerch in 
Vocational Education's mission is to increase 
the abilitv of divc^rse agencies, institutions^ 
and organizations to solve educotional prob- 
lems relating to individual cancer planning, 
preparation, and progression* The National 
Center fulfills its mission by: 

• Generating knowledge through research 

• Developing educational programs and 
^ products 

• Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products , 

« Operating information systems and 
services 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 

Military Curriculum jVtaterials 
WRITeOR C^^L 

Program Infoimation Office 

The National Center for Research in Vocational 

Education 
The Ohio State University 
1360 Kenny Road, Columbus, Ohio 43210 
Telephone; 614/486-365SorToll Free 800/ 
848-4815 within the continental U^. 
(except Ohio) 
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MODULE SEVEN 



Combination Circuits and Voltage Dividers 



In this module^ you will learn to apply the rules you learned for 
series and parallel circuits to more complex circuits called series* 
paral lei clrcul ts * You will discover the utility of a coiwnon re* 
ference when making reference to voltage values and learn how to 
obtain a required voltage from a voltage divider network* 



For you to more easily le^rn the above, this module has been dlv^lded 
Into the following three lessons: 



Lesson I * 
Lesson 1 1 * 
Lesson 1 1 K 



Solving Complex Circuits 
Voltage Reference * * * 
Voltage Dividers * * * * 



TURN TO THE FOLLOWING PAGE AND BEGIN LESSON I 
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MODULE SEVEN' 
.LESSON I 

SoWing Complex Circuits 



Stuidly Booklet 



Overview 



Seven- t 



OVERVIEW * 
LESSON I 



Solving Complex Circuits ' 



In this lesson, yoj will study and te^rn about the following: 



-composing and reviewing rules for 
series and parallel circuits 
-redrawing clrcufts 
-finding equivalent resistance 
-finding total reslstgnCfe 
-solving for <branch currents 
-solving .for voltage drops 



' BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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Study Resources Seven-1 

LIST OF STUDY RESOURCES 
LESSON I 

SoWlng_Cgmplex Circuits 



To learn the material tn this lesson* you have the option of 
choosing* according to your experience and preferences^ any or 
all of the following: 

^TUDY BOOKLET: 

Lesson Narrative 
Progranmed Instruction 
lesson Sunwary ' ' 

ENRICHMENT HATERl'AL: 

NAVPERS 93^tOOA-la "Basic Electricity, Direct Current." 

Fundamentals of Electronics , Bureau of Naval Personnel. 
Washington, D.C.; U.S. Government Printing Office, 1965, 
' , . ■'^ 

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. 



1 ^ 

^11 



Narrative 
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NARRATIVE 
LESSON I 



Solving Complex Circuits 

You have alrea^ learned about series circuits and parallel 
circuits^ bu^-s^3^wlll seldom be working with eUher of these 
as separate circuits. Host netv^'orks you will encounter will 
be combinations of these two types. We have several names for 
these — serles^paral lei ^1 rcults ^ combination circuits , or 
complex cl rcults . Your power supply is an example of a series' 
parallel network. 



To -ompiex circuits^ you need to apply the rules for 

ser. cults to the circuit components wired in series and 

the ri for p£*rallel circuits to the circuit components in 
parallel.' For this reason, len's coiT^)are and review the rules 
for series and parallel circuits. 



Comparison and Review of Rules for Series and Parallel 



SERIES 



PARALt-EL ^ 



Current 



Common 

't- 'i - '2 



Equal to sum of branch 
currents^(Kl rchhof f ' s 
Current Law) * 



1. 



1, + I2 + I3 + 



Vol tage 



Sum of voltage drops 
equals applied voltage 
(Kirchhoff's Voltage 
Law). 

^a " ^1 * ^2 * ^3 * 



Common 



1 



Resistance 



/ 



Resistances are 
additive. 

R^ ■ Rl + R2 + R3 + 



Total resistance is the 
equivalent resistance 
as ^een by the source 
and is always smaller 
than the smallest braj^ch 
resistance. 
Solved by: 

J) Reciprocal method: 
"^T*" 17r1 + 1/R2 + 1/RJ 



(CONTINUED NEXT PAGE) 
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Narrattvc Scvcn-I 

2) Equal Branches: 

% ^ fl one resistor 
T number of branches 

3) Product Over Sum: 
R1 X R2 



Rl + R2 



^ R ^ Is always less than the 

sSSl lest resistor, 

4f Branch resistance controls 
. branch current* 

Power Is equal to the sum Same as for series: 

of power consumptions '^T * '^l '*2 ^ ''s + P^ 

of indfvldual resist" 
' ^ ances , 



Redrawing 

♦ 

You will often find that a circuit In an Instruction book or 
blueprint Is hard to use be<iause It shows many sections of the 
system which do'not concern you at the moment* You may have to 
redraw the section you are concerned with to S^t a better idea of 
, how It works. A good way to do this Is to follow the electron 
flow through the network^ drawing each part or Junction as you 
proceeds 

An overall schematic of the'Slrt^son Model 260-5P multimeter Is 
on the next page^ 



\ 
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If your meter ts tnoperattve on the 1000 VDC range on)y» there t$ 
no need to check all the components tn the metei\ Here Is a draw 
Ing shelving only the 1000 VDC section* 

This schematic was drawn by starting at the common (-) jack^ 
(assuming the metir was set up for ^DC» 1000 v operation) and 
by tracing the current path through the circuits* The onJy com- 
ponents shown are the ones that carry current^ and tio switches 
are shown. r, *W-2 SW-1 R-27 M-1 SW-1 R-lo 




It Is usually helpful to reduce a section to Its simplest form. 
This process Is sometimes called cotnp1ex"ctrcuIt reduction' or 
sIiiH>1 If Icatton. 

This schematic Illustrates a sertes-^paral 1e circuit. Observe 
that Rl^ Is In series with the source. However, R2 and R^. are 
not directly In series* They make up a parallel network wlthln;,the 

configuration. To see this, 
trace the path of current from 
the source through to point A, 
At point A, current"7lvides be- 
tween the two branches of the 
IO£l parallel network, and then comes 

together again at point 8 and 
continues to the source. 



_K)v 



Finding Parallel Equivalent Resistance 

To solve for total circuit res I stance we first need to find the 
equivalent resistance of the parallel network. 



Wnat Is ^he It of hi and 
eq — 



By using the equal branch method you found that R 



eq 



Now that you know the equivalent resistance of the parallel 
branches* you can simplify the complex circuit and redraw It In 
this manner: 



■^Wv 1 



Co 

K»v 



ion 
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Notice that the R ?n the reduced circuit represents the 
equivalent resistance of the parallel branches. Now the com** 
binatlon circuit, has been simplified to a series circuit with 
two resistances. 



Finding Total Resistance 

^ 

You can fucther reduce the circuit to a circuit with one resistance. 
This can be accomplished by adding the two resistances In series to 
combine them Into one representative resistance vatue^ which is 
total resistance of the complex circuit **** 10 ohms^ 




You have now redrawn the complex circuit twice. 

Once the circuit Is reduced to its simplest form^ it is a simple 
matter to solve a serles**para1 lei circuit for other values^ 



What is 1^ for the circuit above? 



By Ohm's Law^ you, found that " fE^ " 

Observe that you have taken three steps toward solving. for quantities 
in the complex circuits 

t. Find It of the parallel network and redraw the circuit to 
teflecf^^R . 

2. Find tota"resistance and reduce circuit to its simplest form. 
3* Find total current by using Ohm^s Law* 

See If you can follow the three steps to solve for total current 
In the sertes**paral lei circuit below* 




15v 



IC3 10£1 



II4 
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You must first decide which resistors are directly In series 
with the source* That ts^ through which resistors doe^ total 
current flow? 



You can see by tracing the path of current from the negative ter- 
minal that total current flows through RJ[, and R|f^, Current divides^ 
however^ through tlje parallel network^ so that total current does 
not flow through R2 or R3, 



Step K 

Find R of the parallel network and redraw the circuit to 

reflect^R^,* R * 

eq eq 



r 
I 




You could have calculated R (R2 and R3) by the equa! resistors 
method — dividing JO ohtits ^9 the number of branches ^ 2; R^^ » 5 ft 



The redrawn circuit looks like this: 



r 

T. 



Co 



tl| 5n 



R4 5fl 



5Q 



Step 2. 

, Dnd the total resistance (equ)vatant rssUtance) of the total 
cItcuU, and reduce the complex circuit to its simplest form^ 



|FR?rf. 



n 
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Recall that in a series circuit * R! + R^^ + R'l 
Thus 



-I 



Co 

»5¥ 



Having found total resistance, and kno-//lng the applied voltage, 
you can calculate total current. 



Step 3. 

Applying Ohm's Law, find total current. \j = 



R^ inr 



la 



After you ha^e completed these three steps* you can solve for 
branch currents through the parallel network and voltage drops 
across Individual resistors^ 



Solving for Branch Ctjrrents 

Sometimes we can solve for branch currents when we know total 
current by tracing the path of current fl^* Again looking at 
our cc|iplex circuit* let's solve for l^^^ '1^3^ 



B 



:l5v 



R3 



Thus ir^ " *5 a and 
currents of *5 amp eacft 



We know that total current from 
the negative terminal of the source 
Is I amp^ Therefore* I amp of 
current flows through Rl^* At 
point A, current divides and flows 
through the two parallel branches. 
Because R2 ariH R3_ are equal * 
current divides equally so that .5 
amp flows through each br^anch. 
Then at polm! B* the two branch 



« *5 a 

unite to become total current of 1 an^ 
agaln^ One amp flows through R^ and back to the source. 



Another approach to find 
the. voltage drops across 
current by Ohm's Law. 



Ing branch current Is to first solve for 
each'reslstor, then determine branch 
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Solving for Voltage Props 



Again looking at this circuit, we already know that total current 
Is I amp* 8y ohm's Law, if 1 amp of current flows through R l and 
the resistance of Is 5 ohms, then E^^, must be 5 volts* 

E 



ntvij k v« ^ VUIL3* similarly. 
Is also 5 volts. Therefore, 




across ^ and FA, we have 10 volts 
dropped* We know the appHed volt^ 
age Is 15 volts. 8y subtracting 
10 volts from the 15 volts, we dis- 
cover the voltage drop across the 
equivalent resistance must be 5 
volts, according to Kirchhoff's 
Law — the sum of the voltage drops 
}n series equals the appHed voltage* 



As voltage Is common In a parallel circuit, what Is the voltage 
drop across R2? * * Across R3? 



E 2 = 5 V, E , « 5 V* Now that you knov? the voltage drops, you 
can solve for current through each leg of the parallel network* 

, ^R2 5 V 
R2 



R? 



10 il 



=* *5 a or 500 ma 



R3 Is equal to R2; therefore, ( 



R3 



500 ma* 



There )s another appt'oach to find the voltage drops and current 
through the branches of the parallel network* 



We know that current In this 
circuit Is 1 amp u»tt11 It gets 
to point A* At point A, current 
does not see two resistors of 
10 ohms each; Instead, It sees the 
equivalent resistance of 5 ohms; 
then voltage across the parallel 
network Is 5 volts* Ij x R = 5v* 
In a parallel network, voltage Is 
cotmnon; therefore, Ej^2 " 5 v and 

^R3 ' 




Knowing E and R of each branch ]n the parallel network, find 

I, 



'r2 'r3* 



'R2 
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By using a different approach, you have again found that l^^^ 
L. are each *S amps^ 

Let's solve a complex cfrcui^ with unequal reslstprs In the parallel 
network — one 3"ohm resistor and one 6-ohm resistor* 




Step dne^ 

Find R of R2 and R3* Redraw ctrcutt^ R 

eq — — . eq 



We can find R of R2 and R3 by the reciprocal method. 
Recall the fo?flula: 

t " 



Rf * 1^2 * R3 



^ and T ■ f» therefore 



K ^ 1 1 

NOTE : Recall that you can also find R of R2 and R3 by, the 
product over the sum method: *^ 




eq 



eq 



R2 X R3 
R2 + R3 

9 



3x6 
5+F 



EMC 
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21 



1 



Narrative 



'Seven -1 



Step Two. 

Find Ry* Redraw circuit* ilp 



r 
T 



20v 




Once you find the R > you '^an add 

the values of the two resIsto>^s and 

the R to find 20 a. 

eq 1 



Step three. 



Find 1^. 1^ >■ 



20v 



8y Ohm's Law> If f<y If 20 olims^ and Is 20 volts^ then I =« la 



Now to solve for circuit voltage drops and branch current^ we 
can use, either of the two procedures we discussed prevIoDsty. 



The Voltage Drop Approach 

This approach adds up the voltage drops across resistances 
jffrectly tn ^erfeS with the source^ then subtracts this total 
^rom the amount of applied voltage. The remainder then Is -the 
' voltage* drop across the equivalent resistance, as shown below. 



s 




E » IR 



"Rl 



la X I5n 



■9M 



3v 



FRir 
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15v + 3v = I8v 



2 m 20v; thus 20v - I8v » 2v drop across R , 
a eq 

Voltage Is common In a parallel network: Is 2 volts: there* 

fore* EL. Is 2 volts. Then we can find branch currents In this 



manner. 
Current through R2: 

Current through R3^: 



I E « t 2v 



4 



'R2 



,667a or 667ma 
2v 



Th& alternative approach solves first for voltage across the 
equivalent resistance* then accordingly solves for branch currents 
In the parallel network. 

Here* current sees the equivalent 
resistance *of the parallel circuit 
2 ohms. Voltage accoss 



eq 




E = IR 
E = la X 2fi 
E * 2v 

Thus, the voltage drop across R2 Is 2 volts and across R3; Is 2 volts 
Then you can figure current through the resistors In parallel: 

I, 



R3 



1^- 333- 



As you can see* using filther method* we"" can 5olve the complex 
cl rcul ts. 



Another Configuration , 

The first step In solving a complex circuit |s to reduce the 
circuit to a basic ctrcutt. Let's look at another series- 
parallel configuration and see how we go about solving It, Notice 

that In this circuit* R2 and 
RJ arc tn series within a 
parallel branch. 




1^3 



Narrattve 
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To reduce this circuity It is necessary first to determine the 
equivalent of R2 and\R3^* Resistances in series are additive; 

therefore^ resistance In the 
second branch of the parallel 
network Is 20 ohrns^ and we can 
redraw the circuit in this way. 



70U 



Then we can f:jrther reduce the network to a basic series circuit by 
finding the equivalent resistance of the parallel network, and re- 
drawing the circuit. After we 
have reductid the circuit to a 
basic series circuit, we can 
apply Ohm's law and rules for 
series and parallel to solve for 
any quantity In the complex circuit. 



r 



Ett 

lOv - 



Practice 



ion 



\, By the methods you have just Jearned, find the following 
quantities In this circuit. 



^Rl " 



40v 




1 




•R3 



'Rl 



'R2 



Recall that redrawing the circuit lielps' 
to understand It and solve it. 



R3 



Answers beg In. on page 19 
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2. 



-A/W- 



"2 

, ion 



"5 



Note : This configuration Is a little more complex than 
those yqu have previously worked'. Ask yourself whether RJ 
Is In paVallel ot" tn series with R4 and R5. The question 
to asic Is: How many paths are there for current flow? 

Reduce the circuit* Solve for; 





^R5* 


't- 






'r3* 


^R2- 








'_ 





Practice 



.5* Using rules for series and parallel Circuits and methods you 
have Just learned^ you can solve for any quantity In, a com*^ 
plex circuit even when resistance values are unknown* Solve 
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I * Reduction; 



40v 



^ ion 

- 32V 
^R3 = 



■A/W- 



'Rl 



'R2 



'R3 



811 



' 3.2a- 
160w 



Ea 

■40v 




Redraw to; 



R^ = .10£1 
1^ = lOa 

ErI = 50V 
Er2 = 50V 
'^R3 = 25v 

E,5« I2.5V 
Ir2^ 5a ^ 
•R3.'5a. 
'rIi" 5a, 
'r5" 5a 




lOOv 



Ea 

lOOv 



511 



(adding in series 
R3, R^, and R5) 



(finding Equivalent 
of parallel net- 
work) 



(adding equivalent 
resistance + Rl_) 
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3^ You know that: 



a 



therefore, the voltage drop across the parallel 
network must be 10 volts. 



If there Is a total current of 8ma and current through R2 Is 
6(na, then current through R3 « 2ina, 



If Ij^j -^Zma, and 

E •* lOv. 
R3 * <. 

then R3 • SkO 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OIJ YOU MAY STUDY 
ANY OF THE OTHER RESbuRCES LISTED, IF YOU TAKfe THE PROGRESS CHECK 
AND ANSWER ALL OF THE' QUESTIONS CORRECTLY, GO ,'TO THE NEXT LESSON. 
IF NOT, STUDY ANY METHOD OF INSTRUCTION'YOU WISH UNTIL YOU CAN 
ANSWER ALL THE QUESTIONS CORRECTLY, 
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PROGRAMMED INSTRUCTION 
LESSON I 

> 

Solving Complex Circuits 

TEST FRAMES ARE 17, 3^, AND '38* AS BEFORE, GO FIRST TO TEST FRAME 
17 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE* FOLLOW THE 
DIRECTIONS GIVEN AFTER THE TEST FRAME* 



I* A sftrles^paral le) circuit Is a circuit which contains elements 
of both series and parallel circuits* There Is a portion of the 
'circuit which has source voltage divided among loads, and there 
Is at least two junctions where currents divide and/or combine* 

A circuit which Is made up of both series and parallel sections 
Is cal led a cl rcult* 



C'^erles'^paral lelT 



i 



The sin^lest form of a series-parallel circuit requires three 
resistors (or some other load devices), and these three 
components may be arranged ip either of two ways to meet our 
definition. , , 



,t*2 



A* 



:«2 



The components making up the paraHel network of circuit A are 
and 



(R2. R 3) 



3* The series network of circuit' 8 In f i ame 2 Is composed of 
, ♦ and 



21. 
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4»X0raw a schematic diagram of a serJes-paral lel circuit consisting 
of a source^ a switch^ a fuse^ three resistors and the wiring to 
connect them so that the fuse and switch control current through 
all three resistors tn the serJes-paraJlel connections Label alt 
components with appropriate circuit syrnbots. 




Actual circuits are complicated apd seldom follow neat patterns. 
For this reason r you must tearn to systematl catty trace the current 
path to simplify the circuit schematic* 

On the following page Is a schematic of the Simpson multimeter » 

You can see that the current path thrbugh the circuit Is not readily 
apparent* We will follow a step^H!>y-step procedure through the 
schematic and redraw one of the many possible current paths. 

What Is the purpose for redrawing a complicated schematic diagram? 



(To simplify the schematic and make it more easily understood"?) 
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6* Look at the schematic In frame 5* At the bottom you see the 
positions of both the Range Selector (SWl) and the Function 
Switch (swa). Directly above the 1000 v and the -DC positions 
you see a number of switch contacts represented by A and con- 
nected by dotted lines. O 

When the switch position Is changed* the contacts ganged by the 
dotted lines move In the same direction at the same tlir^. The 
schematic Indicates both switches In the ful 1y counterclockwise 
position. 

Rotate the Function Switch onre position clockwise and list the 
nuff^ers of the contiicts moved and the direction moved (teft or 
right). ^ 



(Contacts 1, 7> and 2 each move one position to the right.) 



7. One more thing about the switch contacts and we will get started. 

The switch contacts designat ed by are movable^ you see contacts 
designated by Q or ( these contacts remain stationary as 

the switch position Is changed. Note that the movable: contacts 
, touch different stationary contacts when the switch Is moved. 

Indicate by number the movable contacts of the Range Selector In 
the 1000 V position and the non-moving contacts which they touchy 



(1*3 arid 12 touch 2; 7 touches nonei;' 2 touches 2; 9 touches none; 
6 touches 3 and 5; 1 touches 1) ^ 



8. AH of this simply means that If two switch contacts are touching* 
current can flow from one to the other. 

In frame 6, the function switch was rotated clockwise* to the -fDC 
position. Indicate by' number the movabte-conta^ts and the contacts^ 
they touch. - 



{} touches none; 7 touches 9; 2 touches ^) 

(Remember this because as we go through the schematic the Function 
Switch Is to be In the h-DC position^) 




P.I. 

9. Take a look at the schematic aga 
In two ways: \ _ and 



Seven^t 

n. Notice conductors crossing 



Indicates a crossing but no connection. 
Indicates 



(a' connection^ 



to. Let's set up the condltbons of the circuit. 

1. Range Switch - 1000 v position. 

2. Function Switch - ■> DC position. 

3. Starting Point - Comman (-) jack. 

(You could, pick any point to start. We . xted this point since 
we are tracing current^ and electrons will enter at this point.) 

With the common (-) Jack as the starting point, the first component 
the electrons enter Is . 



(Fuse Fl) 



]|. Drawing th^ circuit as we go» we have: 

o — ^ — c> 

The current Is now at movable contact. No. 7 of ' ;he Function 
Switch. Where cSoes It go from there? 



(Contact No. 9 of the Function Switch) 



2$ ^3 
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12* Now you have a decision to make^ Does the current 90 to the 
rtght or to the left at the Junction? Let's take a took at the 
conductor; go!ng to the rights 

Can current flow through this conductor? _^ [ ' 

Why? ^ 



(No* Contact Mo* 3 of the Function Switch Is open*) 



t3* So we go to the left^ and we have this rnuch of the schematic 
redrawn* 

Fi 7 9 3 1 2 

' <cK> 0>0-<HX>— 

SW-2 SWO 

The current comes to a series of Junctions* What is the. next 
component through whtch tt fJows? , 



All the other conductors end at open switch contacts*) 



34 
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U. From here the current flows through the meter movement. Complete 
^he tracing of the circuit and complete the circuit below. 




llf your circuit doesn't agree wltti this one and you cannot 
determine the problem upon re-examlnatlon of the schematic^ 
check with your learning supervisor.) 

it- 

The purpose for all of this Is to get you to think and see the 
Importance of following a logical process when dealing with 
' complicated circuits. You will not be required to solve any- 
thing nearly so complicated In this school, although you will 
In later training schools. 

Now let's get back to a simple series-para^l lePci rcui t ; but 
remember: WORK IN A SySTEMATlC MANNER ANO FOLLOW THE CURRENT, 
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15* if the values of all the load devices in a serlcs-paraHel group 
are known, the value of an equivalent resistor may be found by 
combining the inethods used for series connections with those used 
for parallel circuits. To further understand this process, follow 
these steps: 



«2 




First, let*s find the equivalent 
resistance for the parallel por- 
tion of our cfrcuit* 



eq 



n 



The circuit can be redrawn to 



show R, In series with the R 

I eq 

of R2 and R3 found above. We 

can now reduce this, series circuit 

to Its equivalent resistance which 

Is R^. 



You have. now founc' that the 
resistance is equal to 10 ohms, 
and we can replace the entire 
series-parallel network with a 
single equivalent resistance 
of 10 ohms . 



This Is known as complex circui t reductio n or simplificati on. 



3G 
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15. cont'd. 

Simplify the circuit below and redraw. 



Seven - 1 



lOCl 



r 



— 1% 



Kt 30 CI 



*2 <«3 

20(1 <20(J 
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)6» Now a rather complex circuit will be used to demonstrate most of 
the situations which you might meet 1n practical work. Examining 
the circuit below, you can see that It is made up of groups of 
series and parallel, networks. Let's work this problem through to 
Its simplest form. 



I 



1^ 



~i3 



— Ef 



r 



~ Ef 



«5 

6on 



-50 

»Rm} (a)^ 
150 



300 



^40 * 



aoft 



300 



Ri 
40 

,R«a«) Ei 

via 



r 



Find Rgq(a) [Ke. , Kk ard R5J : 



eq (b) 



/ 



R2 and R .A 
eq U) 



nndR^j^j CKe., R3 and R^^j^j] 



eq(c) 



Find R_, (R of the entire clrciiU^) 
T eq 

"t- 

Rt 140 



Now find the total resistance for the following circuit. 




TT2~0T 



30 38 
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17- .Redraw tfits ci-rcult, first to show a series circuit with RI and 
R ih2 and R3) > then redraw again to show a series circuit with 

one resistor (Include ohmic value}. 



Circuit Reduction 1 



9a 



Eo 
60v 





Circuit Reduction 2 



(this is a test frame, compare your answers with the correct 
answers given at the top of the next pafie,) 
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ANSWERS - TEST FRAME I? 



in 

60v 



«1 

sn 




IF ALL YOUR ANSWERS MATCH TH£n;ORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME 3^* OTHERWISE, GO BACK TO FRAME 1 ANO TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN* 



18* Since these circuits are part series and part parallel, this 
seems like a good place to review these circuits* Fill In the 
blanks In each of the following statements about a se _ rles cir- 
cult with the vford or phrase which coft»pletes It* 

I*' There Is/are path(s) for current* 

'2* Current Is ^ throughont the circuit* 

3* The equivalent resistance Is equal cto the 

^ of the Individual resistances* ^ * 

The J across each load device Is proportional 

"*^o Its resistance* 

5* The sum of all the voltage drops around a circuit Is equal 

to I ' * 

6* Total power dissipated In the circuit Is equal to the sum 

of the . * 



TT one; 2* the same; T* sum; 57 vol tage , ,vol tage drop, 
^otMtial difference, etcl; 5* source voltage; 6* power 
dissipated In each Individual load device^) 



32 



40 
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19. In a paralle l circuit: 

1. There ts/are ; current path(s). 

2. ts th*i sarfte for each branch of the 

circuit. 

3. ^ In any branch Is Inversely pro- 
portional to the resistance of the branch. 

^. Total current equals the sum of the . ' 

5. Total resistance equals th^ reciprocal of the sum of the 
reciprocals of the . . 

6. Totaf power dissipated Is^ equal to the sum of the 



(l . more than one; 2. voltage or potential difference; 3* current 
4. branch currents; 5. resistances of each branch; 6, power 
dlsslpcted by each resistor) 



20. In this series-parallel circuity which resistors have total 
current flowing through them? 









L I. r 


II3 sfi 



*4 7.SQ 



^- 

(Rl and R^; the current (s s^jlt between R2 and R3) ' 

21, Find the equivalent resistance of the parallel network In frame 
20. . 



(2.5 n) 



22. f^. of the circuit In frame 20 Is 



UP U) 



33 
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23* filnce.you know E and R^^ find 1^ using Ohm's Law/ 



TTiy- 



2^. Sotve/fqr E^/'. * 




(^t80 v) 
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25* Ktrchhoff's Current Law may be applied to series-paraMet cl 
cults and often provides the clue needed to answer a circuit 
^ problem. In th(s circuity Ij and are given* so finding I 

Is simple application of KIrchhoff's Current Law: 




^ find total current* 



P.I. 



Seven- I 



26. Solve for 



2ma 




27. KIrchhoff's Voltage Law applies to the series portion of a series- 
parallel circuit tn exactly the same way It applies to a straight 
series circuit. In the diagram below* the source voltage Is 
divided as shown by the brackets E, and E,. 



75v - 50v - Ej - 0 

Ej - 25 V 

, What win the voltage drop across RJ be? E|^ - 

'^^-^y 




% 36 44 
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28. What Is the value of E^^^ In this circuit? E^^^ 




(20 v) 



29. The second configuration of the serles^paralTel circuit Is Just as 
easily solved when KIrchhoff's Voltage Law Is applied. In this case* 
one circuit loop contains only one resistor and full source voltage 
appears across It. The other loop has two resistors In series across 
source voltage. In the second Toop» starting a Klrchhoff*s Voltage 
Law equation In the lower left -corner, E - Ep^ - E..* * 0 or 30V - 
iOV - 20V - 0. (The equation for the fifst iSsd, Rff Is E^ - E^j - 0. 







*2< 


— Is l»i< 








>ls 











lOv 



'30v 



Find the voltage across R1_ In the circuit shown 6e)ow. 




30v 



•Rl 



30. Solve for R^. 



SOnM 

-0- 



}00kH 



® lOmo 



(50 m 

31. .Using the ntethods learned, solve the following circuit for E^^^. 




r. 



46 
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32, Find the current through R2, 





(o-S or 500 may 



33^ Find the value of R2 In frame 32, 



Solve for E^. » 



Ri 25(1 



I« 

*200v 



«3 

2S(i 



13.50 

-Wv 



-Wv- 



«6 

350 



(this is a test frame, compare your answer with the correct 
answer given at the top of the next page,) 
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ANSWER - TEST FRAME 34 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, "YOU MAY GO ON TO TEST 
FRAME 38. OTHERWISE, GO BACK TO FRAMP 18 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 34 AGAIN. 



35* Power can bi^ found In sertes'paral 1e) circuits En the same 
manner that It Is found In series and parallel circuits. The 

2 E^ 

formulas are P» El, P = I R, P » and P^ » P^ + + • • •+ P^. 

Always be certain that the current and voltage you use are for 
the cofftponent you are worklns with. 

Find the power expended In R2 In the circuit below. 




P, 



48 



ho 



Seven I 



36* Now see If v^'t understand what you have learned* Solve this 
circuit for 1^ and E (total and for each component). 
Place valuesln^locks below. 




RIPE 



Total 










Rl 


15 n 


'4 a 






R2 








20 V 


R3 


80 n 








R^ 2&3 
eq 











it 



' R I . P E 



Total 


13.3 n 


■ 

4.5 a 


270 w 


60 V 


Rl 


15 n 


4 . a 


240 w 


'60 V 


R2 


40 n 


0.5 a 


10 w 


20 V 


R3 


80 n 


0,5 a 


20 w 


40 V , 


\q 2&3 


120 « 


0.5 a 


30 w 


60 V 



\ 
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37- Now let's try another problem. As you have seen» keeplng^^ou*" 
figures In a block aids you In knc-wtng what you are looking^^ 
for and what you already have. 



-VW- 



Et 



2o 

■<»>- 



son 




Total 




2 a 






Rl 


25 £1 


2 a 






R2 


50 n 








R3 


25 £1 








R4 


25 n 








R<.n 3 & * 

ea 










R^n R2»3&4 











Totat 


I 

50 n 


2 a 


200 w 


100 V 


Rl 


25 n 


2 a 


100 w 


50 V 


R2 


50 U 


1 a 


50 w 


50 V 


R3 




1 a 


25 w 


25 V 


R4 


25 (1 


1 3 


25 w- 


" CO V 


Rgq 3 & 4 


50 n 


1 3 


50 w 


50 V 




I- 

25 a 


: e 


100 w 


50 V 



DO 
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38, Solve the following complex problem, 

»t^^^^^ I ffVVA^ 



m 



T__!! 



m 



>ioon 




Remetriber to break the 
ci rctilt down to Its 
simplest form. 



'Otd 1 










IN 1 










R2 










KJ 










DA 










R5 


100 


















R7 

IN/ 


50 n 








R8 


50 n 








R9 


50 " 


















Req 8 & 9 










6 & 7 

eq 










>^eq 3» 4» 6 & 7 










Rgq 3, 4, 5, 6 & 7 








•• i 



(THiS IS A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT 
, Ai.SWERS GIVEN ON THE NEXT PAGE,) 
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ANSWERS - TEST FRAME 38 



RIPE 



lOt^ 1 




c a 


DUU W 


COK) V 


Rl 


100 n 


1 a 


100 W 


100 V 




100 0 


1 a' 


100 W 


TOO 






1 A * 


C3 W 






DU W 


'r 

1 a 


50 w 


50 V 


DC 


inn ft 
lUU u 


1 a 


lUU W 


lUU V 


R6 


50^ 0 


0 5a 


1? 5 W 


til V 


R7 




n A 


It + 3 W 


V 


PR 


50 H 


1 a 


50 W 


50 V 




PO 


50 0 


1^ a 


50 W 


50 V 


1 & 2 


50^^ 


2 a' 


200 w 


100 V 




25 


2 a 


100 w 


50 V 


R.. 6 & 7 


25 0 




1 a 


25 w 


25 V 


Rgq 3. 4. 6 & 7 


100 0 


1 a 


100. w 


100 V 


Rgq 3, 4, 5, 6 & 7 


50 0 


2 a 


200 W 


100 V 



IF ANY OF YOUR ANSWERS ARE I.NCOi<Re"cT , GO SACK TO FRAME 3," AND TAKE THE 
PROGRAHHED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY 
STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK 
AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NGXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. f 
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SUMMARY 
LESSON I 

Solving Complex 'Circuits 

So f^r you have studied series and parat lel^ ct rcu! ts . These siinpte cfr 
cults ore found In numerou5 electrical devices. However* in our modern 
society^ most networks you will encounter will be more coinplex;. th^y 
will consist of comt fnetlons of series and, parallel conf tguratlons* - 
Complex circuits are als6 called serles-paral lei > or combination 
cl rcults* 

In this lesson^ we will develop some of* the techniques that will en- 
able you to solve complex circuits,, Slrce most of What we have to 
build on are th^.^rules for series and parallel clrciilts^ let us re- 
view these Impot^tant relationships. 

In a series clrcuU^ we found that: 

't " 'l " '2 " '3 " 

E - E, + E^ + E, + (Kirchhoff's Voltag 
a I ^ , ^ 

dp " RI + R2 + R3 + Law) ^ 

However^ In a parallel circuit* we found that: 

.1^ ■ '1 ^ '2 ^ '3 ^ (Klrchhof^'s Current 
^ " ^I " ^2 " S " ^^^^ 

^ t ^ 1 ^ I . r 

^ * R2" rT * ' * Rn 

The last relationship simplifies gnder certain special conditions. 
We saw that !f all of the branch loads are of equal resistance: 

, ^4 p , resistance of one resistor 
number of branches 

We also saw that for a two-brancH circuit: 

D R1 'x R2 
'*^T Rl + R2 

We note that In all parallel circuits* R Is always less than the 
smallest resistor^ 

For both series and paral lei -circuits^ the total power consumed Is: 



1*5 
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In thirf lesson, you will be confronted with complex circuits. 
Is helpful to redraw such cKcuIts before analysis. In the circuit 
shown below, an equivalent resistance, R , for the parallel network 
can first be found:' ' • [ 




and then the series circuit analyzed. 



S« 1 



■AAAr- 



■AAAr- 



05-1 



DS-1 



Determining Ij In the above circuit enables ^ determination of the 
voltage drop across the parallel group of resistors represented by 
R ^ Onc^ we have this drop^ we can go back to the original network 
an3 find each of the branch currents froni Ohm's Law* 

J 

You may sometimes h^^ve Information which gives all but one of the 
potential difference values across the elements or groups of elements 
In the series P^rt of the circuits Here Kirchhbff's Voltage. Law can 
be used to find the missing voltage* and the balance of the circuit 
ca^ be solved^ usTng Ohm's Law^ 

You win often find that the circuit diagrams for a system contain 

more Information than you need for a specific problem* It may help 

If you redraw the section you are concerned with so that you can better 

see the functions of these parts* One good way to redraw soidc part 

of a system ts to follow the" path of electron flow through the components 

drawing each one you go* Be sure to Include all the components and 

junctions Involved* 

Try these practice problems to see If you have masiared the above 
approaches* p 
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Simplify the circuit and ftnd: 





'ri • 


'r 


'r2* 





'r3* 


^R2* 




^R3* 





Simplify the circuit and find: 





^R5- 




'r2' 


hv 


'r3* 


E . 
R2* 













Solve for R3* 




^Summry 
Ainvers; 



S sven- 1 



1 . ■ R^^- 30 fl 



^1 


- 10 V 


^R2 


20 V 




- 20 V 


flj. •< 30 fi 


1^ - 2a 




- 30 V 


^R2 


- 30 V 




- 13 V 




- 12 V 


^R5 


- 5 V 


'r2 


- 1 a 


'r3 


- 1 a 


'r<, 


- 1 a 


'r5 


- 1 a 



1^ - 667 ma 
I - 333 ma 
- 30 w 



Slmpltf teat ton: 



I ^ 

30V 



r 



■30v 



Stmpllf Icatlon; 




t W/V 1 




15(1 ' 






< 






— 1 60v * 





•T~60v <lSfi 



X 



40v 



I 



30(1 



3. R3 - 30 (3 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAHHEb INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS 
CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAK ANSWER ALL TH^ QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON 1 t 

Voltage Reference 



In this lesson you will study and learn about the following: 

-why we study voUage reference 
-negative and positive voltage 
-point of refersnce 
-ground 

-ground as common 

*potj,rlty of circuit con^onents 

-obtaining negative and positive voltages 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON 
7«E NEXT PAGE* 



1^ 



IP 



mm 
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study Resources 

LIST OF STUDY RESOURCES 
' ■ ' . LESSON 11" 

VoTtage Reference 

To learn the material tn thts^Usson, you have the option of choosing 
acc9rdrng to your experience and preferences, any or all of the followtng; 

STUDY BOOKLET: 

Lesson Narrative 

Programmed Instruction ^ 
Lesson Sunmary 

ENRICHMENT MATERIAL: . / 

NAVPERS 93^0OA-la ''Basic Electricity, Direct Current." 

Fundamentals of ^Electronics . Bureau of Naval Personnel. 
Washington, D.*.: U.S. Government Printing Office, 1965. 

YOU HAY NOW STUDY ANY OR ALL OF THE RESOtiRCES LISTED ABOVE. YOU HAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRAPIVE 
LESSON t{ 

Voltage Reference ^ 

Why We Study Voltage Reference 

In your work In the electrical field, you will discover that some 
circuit components such as electronic tubes and transistors require 
what we call n^gat Ive voltage to pperate them. 

Some circuits then, oft;en compTex configurations, are designed 
to supply both positive and negative voltages. 



Negative and Positive Voltage 

Perhaps now you ^nder Jf a negative voltage has any less 3:ap than 
a positive voltage^ The answer Is that 100 volts Is lOO volts, 
whether It Is negative or positive. The dtrectloij^f current 
flow does not affect the feeling you get when you are shocked. 



Point of Reference 

\' " . ' ' 

A positive voltage means that the point from which we are 
measuring has fewer negative charges (electrons) than the point to 
^tch we are measuring, a negative voltage Indicates the reverse; 
that Is,^ the point from which we are measuring has more negative 
'charges (electrons) than the'potnt to which we are measuring. 

For example. If you place your voltmeter probes across aJ2'volt 
battery, you get a meter reading of about 12 volts. This means that 
the negative terminal Is 12 volfi more negative than the positive 
terminal, or that the positive terminal Is 12 volts more positive 
than the negative terminal. The voltage Is considered negative 
^ or positive depending on^the location of your reference p^lnt, 

Reading across the battery, ^we Indicate 12 volts positive with re- 
spect to the negative terminal. Or, we Indicate 12 volts negative 
with respect to the positive terminal. 

In this lesson we will learn how to establish a common reference 
point In a circuit to supply the amount and polarity of voltage re- 
quired for particular loads. 



Ground . 

To understand how ground can be a common reference point m a cir- 
cuit, you first need to be familiar with what Is meant by ground . 




Narrative , , y Seven-M 

Froquently» In oteces of electrical equtpinent^ the complete path 
for electron flow Is not supplied by wires. Instead^ a wire from 
the source may be attached to the metal chassis or case of the equip- 
ment as schematically Indicated here. 




Notice the symbol at point A which 
Indicates the wire Is attached or 
12v ((^) grounded to the chassis. ~ Is 

one schematic synibol used for ground. 

Now the circuit can be grounded 
to the chassis at point 0 as shown. 
At first glance, It may appear as If 
the circuit Is open between points 
A and 0> but this Is not so. In 
this case the ground symbols Indl- 
VSjy cate that the path for current flow 
Is completed by the metal chassis 
Itself. 




■I 

.1 



Thus current flows through the metal 
chassis from point A to 0 and ^ 
, through the circuit. A common exam- 
pie of wiring that Is grounded In 
this manner Is the wiring In your 
aucomobi le. 




Let's see how ground relates to other parts of the circuit. If 
you were to take a voltmeter reading from ground (point A) to point B 

In this circuit, you would read a 12- 

^ - 1^ volt difference In potential. Point B 

I would be 12 volts more positive than 

1 ground (point A) because gr9Uftdv^(p©Int 




12v A) Is connected directly to the negative 

terminal of the battery. 



In other worlds, In this schematic at ground, or chassis, we have the 
.,^same potential as we have at the negative terminal of the battery. 

' Similarly, ground at point 0 Is at the same potential as ground at 
point A. If you measured voltage from ground (point D) to point C, 
you would have 12 volts across the load. 

Equipment tnay be grounded to the chassis at almost any point on the 
circuit that the manufacturer chooses. 

NOTE: These two syn^ols are used Interchangeably throughout this lesson 

^ . /f/ 

to represent a reference point. The symbol that looks like a 
"rake" Is most commonly used to show a connection point to chassis 
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Gro^jnd as Comnon 

Ground is not always used to complete the circuit. Sometimes tC is 
used as a- coimon reference point as shown in the two schematics 
l>elow. 



Notice that figure (b) shows ground 
with a forked syntol like this /-^ . 

This symbol is frequently used to 
represent chassis or common refer* 
ence. All voltages afre measured 
with respect to the common point. 



a ^ b 

In such cases the chassis or common is almost always considered to 
be at zero potential. (If a metal chassis is not at zero potential ^ 
we say it is floating .) 

if a technician were measuring the 
output voltage of this circuity he 
would clip one voltmeter probe on 
the chassis itself r and then move 
the other probe to the points he 
wished to measure with respect to the 
chassis. With the second probe at 
polnt.^^ he would measure a differ- 
ence In potential of )0 volts'. 
(Observe that the voltage drops 
across Rl, and R2 would both be 10 
volts.) Notice that point A is 10 
volts positive with respect to the 
chassis. 

Now if the technician moved the probe to point he would read a 20* 
volt difference In potential. With respect to the chassis^ point 8 is 
20 volts positive. 



Polarity of CircuU Components 

Observe in the circuit we have just been measuring that ^ and are 
labeled according to polarity. You will recall that the end of"the 
load that current enters is designated as negative . The end from 
whtch current leaves is designated as positive . 
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Label the polarity of the resistors In this schematic. 



20v 




The^ polarity sl^ns should be the reverse of what they were In the 
preceding schematic because current is flowing In the opposite 
direction now. 



With respect to chassis^ what do you think the voltage and po 

larlty would be at point A? - 

,,,,,, at point B? 



Point A Is 10 volts negative with respect to the common reference ^ 
because ground Is no^^ on the positive side of the source^ and 
point A is to volts less positive than chassis. Point B Is 20 volts 
negatlve*-wlth respect to the common reference. 



Obtaining Negative and Pos I tlve rVoltages 

Let's see now how we can get both negative and positive voltages 
fron th6 same circuit. 



In. the following schematic;^ What will the voltmeter measure 
across Rl^? Across R2? Across, both RI_ and R2? 



Of course Rl will be 6 volts and R2^wlll be 6 volts. Across Rl and 
IR2^ together the meter will measure 12 volts* 

Now take the same circuit and add ground as a reference at point 
B/then read voltages. 




R2 » 



T 12v 



Rl + R2 = 
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Suppose we place chassis ground at 
point B* With reference to the chassi 
we find that point A is 6 volts negati 
because point A is In a more nega- 
tive position In the circuit than 
is the chassis^ 

Now If we measure from the common 
reference to point the ^neter will 
again Indicate 6 volts. At point C* 
however^ It Is 6 volts positive with 
respect to chassis* 

You have seen how the same circuit can supply both positive and 
negative voltages with respect to a reference point " In this 
case a -6 volts and a +6 volts* 

Always remember^ as you measure toward the negative terminal from 
the reference point, your voltage will be negative with respect to 
common zero reference* As you are measuring away from the negative 
terminal, your voltage will be ppsltlve with respect to common ref- 
erence* 




Study this schematic, then: 




1* determine th3 voltage drop 
across each resistor* 

2* state the voltage at rotnts 
A, 8, and C, and whether they 
are negative or positive with 
respect to chassis. 



At point A 
At point B 
At point C 



You should have determined from what you have )earned about volt* 
age reference that point A is 20v negative with respect to chassis, 
point B is lov negative, and point C is^lOv positive* 

In the next lesson you will learn how networks are designed to sup- 
ply loads that require these positive and negative voltages* 
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With respect to the chassis, what 
Is the voltage at: 



point A? 
point 8? 
point C? 
point D? 



Answer - Point A ■> -50v 
PoJnt D ■> +10v 



Point 8 ■> -SOv 



Point C 



lOv 



AT TH(S POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF 
THE OTHER RESOURCES LISTED. IF YOU TAKE THE PRC-fvESS CHECK AND ANSWER 
ALL OF THE QMESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY 
ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUES* 
TiONS CORRECTLY. 



5T 
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PROGRAMMED INSTRUCTION 
LESSON II ' 

VoUflge Reference 

THE TEST FRAME IS 2k, AS BEFORE, GO FIRST TO TEST FRAME 2k AND SEE IF 
YOU CAN ANSWER ML THE QUESTIONS THERE, FOLLOW THE DIRECTIONS GIVEN 
AFTER THE TEST FRAME, 



K You win recall that to measure a voltage there must be a dtf-, 
ference In potential. 

Select the meter or meters measuring a difference of potential. 



-A/VV — 




2, To have^a difference of potential ^ one point must be more or less 
negative than another points 

Point A is negative than point B, 

moreTTIFF ^ wvw^_ 



TfessT 



ee 
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3. When measuring vottage In a circuity we measure a point against a 
reference. 

The point In a circuit against which other points are compared 
Is known as a/an , 



IreferenceX 



Most electronic equipment uses the chassis as ^ common point of 
reference. 

When measuring voltage In a piece of electronic equipment you 
use the as a reference. 



" (chassis J 

5. The schematic syrtbol for a reference point Is a series of parallel 
lines In the shape of an arrow head* 

> Which of the following Is the syirtbol for a reference point? 

[ b. — I I — 

c. -r 



6. This common reference point Is known as ground. 
Draw the schematic syml?ot for ground. 



$9 
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7* Using ground as a convikon^polnt makes the drawing of a schematic 
much simpler as shown below. 



Wortnat Circuit - Using Ground 




^ Redraw the following circuit using ground as a coinmon point. 




I 




NOTE: These two symbols are used Interchangeably throughout this lesson 

4 rh. 

to represent a reference point. The symbol that ?ooks like a 
'Vake** Is fWt commonly used to show a connection point to 
chassis* ^ 
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6» ^ Current actuaHy flows through the chassis between the ground 
connections* 

Wfth arrows show the c'Irectton of current flow through the chassis 
In the below circuits. 



r 

T 



I 



r 
I 



I i 



d» Another schematic symbol frequently used for chassis grounds 
looks tike a garden rake* 

Select the schematic symbols for ground. 



a. jrrrL 

b + "T* 
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104 let's discuss another use of ground connections* 




tf you read voltage from ground (point A) to point B you will 
read 12 volts* Point B wilt be V2 v positive In respect to ground 
(point A) because ground (point A) Is on the negative Fide of ^he 
battery* 

point D would measure what voltage with respect to ground (point C)? 



t]2v posItWeJ 



1U What Is the difference In potential between ground (point A) and 
ground (point C)? 



Toy 
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1^2, Since ground ts used as a reference point with which all other 
^ points In a circuit '3re compared^ It Is said to be at zero poten- 
I tial and can be placed anywhere In the circuit* 



Fol" example: 



r 



Draw ground as a reference between R2 and R3^ 
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U. Now let's see how moving our reference affects the voltage In a 
cl rcult. 




In the above circuit you can see that each resistor drops 5v. 

if 

Measuring the voltage between points A and c» you would read 



m 



14* With ground at point C» what voUage would you read between 
rolats A and C7 

A 




(10) 

15* What voltage would you measure between ptint A dnd D in the IHus- 
tratlon !n frsme \k1 v 



nn 
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16* As you can see^ the ground does not affect the voltage drop across 
the resistor* But It does t^Uow us to have positive and negative 
voltage* 

A 




In the circuit above^ since the reference (ground) ts at the most 
negative point in the circuit all voVtages measured will be positive. 

If the ground were moved to point A> what would be the polarity of the 
voltages measured? 



{negative)" 
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17* To atd you tn understanding what polarity you have at any 
point In a circuit.^ you must assign pdlarltles to the circuit 
components 

(Remember that a negative polarity Is assigned to the end of a 
corr^onent where current enters^ and a positive polarity Is as* 
signed to the end where current leaves 0 



Label the polarity of the components In the following clrcult> 





Note : Eveii though the lower end 
of Rl_ Is marked + and the upper 
end of R2^ Is labeled ^ they are 
at the same potential. 



18. Now let's take the previous circuit and place a ground between RJ_ 



and R2. 




Using ground as a reference^ what Is the magnitude and polarity 
of the voltage at point A? 



MOv) 

¥ 
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19. Refer to the iHustration in frame 18. What is the magnitude and 
polarity of the voltage at point C? 



(+10v) 



20* In the iMustration in frame 18^ what is the voltage between point 
A and C? 



(20v} 



2}y Use the following schematic for frames 2) through 23* 




As you can see^ polarity of voltage can only be stated with re- 
spect to a reference* In the above circuity ground is the reference^ 

What is the folarlty and magnitude, of the voltage at point A? 



22* Determine the voltage polarity and magnitude at point D. 



23^ Determine the voUage polarity and magnitude at point B. 
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24. State the voltage and polarities as Indicated with reference to 
ground. 




a. Point A 

b. Point 8 

c. Point C 

d. Point D 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 2k 

a. -20v 

b. +20v 

c. HOv 

d. +60v 



IF ^NY OF YOUR ANSWERS IS INCORRECT, GO BACK TO FRAME 1 AND 
TAKE THE PROGRAMMEO SEaUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, 
OR YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANY METHOD 
OF INSTRUCTfOTI YOU WISH UNTtL YOU CAN ANSWER ALL THE QUES- 
TIONS CORRECTLY. 
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* SUHHARV . 
LESSON H 

Voltage "Itef erence 

In your lyork with complex circuits, you will find that some points 
in a circuit require a positive voltage, and others require a negative 
voltage or potential difference* Basicaiiy, a negative voltage is 
merely a difference In potential observed from a different point* 
whereas a positive voltage ineans that the point from which we arc 
measuring has fewer negative charges (electrons) than the point to 
which we arc measuring* A negative voltage indicates the reverse; 
that Is^ the point from which*we are measuring has more negative 
charges (electrons) than the point to which we arc measuring, 

Consider the circuit below* 




U — J I i , METAL CHASSIS 

Two new elements are included* One is labeled S^> and is a Jouble-pole» 
double-throw switch; the other is the metal chassis that the circuit 
rests on. Note that if S Is thrown to the right, the top of the 
resistor Is positive with respect to the end connected to the metal 
chassis* However, if S_ Is thrown to the left, the top of the resistor 
Is negative with respect to the other end^ If E^>were 100 volts and 
you touched one hand to each end of you would receive as great a 
shock from the positive voltage (S_ to the right) as you would from 
a negative potential difference (S^ to the left)* 

There are advantages to establishing a common reference point in a 
circuit such as the metal chassis point shown above. 

Historically, one of the earHest and most often used references of 
this type was the earth Itself, or ground . Consider a type of tele- 
graph system shown at the top of the next page. 

Every time £ is closed and opened, the light bulb at the other end 
flashes* Note that the circuit may be quite long, ^nd only one wire 
Is used, thUS saving on materials. Effectively, when S Is cfosed, 
electron current flows from the cell through the switch, long wire 
and lamp to the ground at point D to point A, completing the circuit. 
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^GROUND 



''(in actual practice, all that is necessary is that electrons flow 
from the earth into the circuit at point A and to the earth from 
the circuit at point 0.) 

As already mentioned above In our double-pole^ double^throw switch 
experiment* ground itself is not always used to c^^lete the circu 
Som^^tlmes the metal chassis on which a circqit rests is used as a 
reference pointy or artificial ground s It can be placed at many 
different points as shown in the simple case below* 



By definition we usually consider the earth, or the local metal chassis 
or common contiection point, to be at 2££SL potential* (if a metal chassi 
fs not at zero ^-sotentlal^ we say it Is f )oat tng *) 

The three figures shown above can be used by design technicians by apply 
Ing the strategy li, reverse* Depending on where the ground is placed, 
we can obtain various sources of negative or positive potential* 

In the circuit shown at the top of the next page, where would you place 
the common or ground connection to make point A iO volts negative with 
respect to the chassis? 




\ 
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Answer * Since there are 30 volts applied to en of 30J1, each re-^ 
ststpr has a voltage drop of 10 volts across It* Since we 
desire point A to be 10 volts negative with respect to the 
chassis, we would place the common chassis connection at 
point B. 

Where would we place It tf we wanted point A to be 3O volts negative 
with respect to the chassis? How could we make point A 20 volts posi- 
tive with respect to the chassis? 

A Answer •* The common chassis connection would be placed at point D; 

point A could be made 20 volts positive by placing the 
connection to the chassis at point C, after reversing the 

^ leads to the battery, thus changing Its polarity with res- 

pect to the rest of the circuit/ 



NOTE: These two symb ols are used Interchangeably throughout this lesson 

to represent a reference point. The symbol that looks like a 
"rake" Is most commonly used to show a connection point to 
chassis^ 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, ^^^^ YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON III 

Voltage PIvlders 

In this lessee you will study and learn about the following: 

-voltage supply 

-no load conditions 

-load conditions 

-designing a voltage divider 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON 
THE NEXT PAGE, 
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LIST OF STUDY RESOURCES 
LESSON Itl 

Voltage Olvlders 

To learn the material in this lesson^ you have the option of choosing ^ 
according to your experience and preferences, any or all of the following: 

STUDY BOOKLET: 

Lesson Narrative 

Progranmed Instruction ^0 
Lesson Summary V 



EilRICHHENT MATERIAL: 

HAVPERS 93^00A*ls **SasIc Electricity, Olrect Current," 

Fundamentals of Electronics , Bureau of Naval Personnel, 
Washington, 0,C,:*-U,S, Govertiment Printing Office, 1965, 



YOU HAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTEO ABOVE, YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME, 

^ 
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Voltage Dividers 

A Voltage Supply 

When we need specified voltages or a specific voltage magnitude 
and polarity to operate components or equipment^ we often con- 
struct, a circuit which Is called a voltage divider . A power 
supply frequently contains a voltage divider* A voltage divider 
Is a series-parallel circuit* 



Ho Load 



Let's design a voltage divider to provide three voltages from a 
30-volt battery* The voltages wanted are "20 volts^ -10 volts^ 
and +10 volts* This circuit should provide these outputs very 
nicely* 

® ^-20v 



30v 




+K>v 



Load Conditions 

How look at what happens vrfien you use one of these outputs to 
operate a load. Assume you need +10 volts to operate a lO-ohm 
load When the load Is connected between the +IO-volt connection 
and ground, It Is In parallel wjth Solving this complex 

circuit for load voltage shows* that It Is less than iO volts. 
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Find: R of R3 and load 
eq 



Req 5n; 1^ - K2 a; Ej^q^^ 



6 V 



You can now see that designing a voltage divider w!thout considering 
the load resistance (or current) does not work* 



Designing a Voltage Divider 

Assume we begin by knowing only that we have a series circuit with 

three resistors and an applied voltage of 2^ volts* ^ want to 

furnish voltage to two lamps^ a 12-vott lamp and a 6-vott tamp* 
The t2-volt lamp wltl riraw 8 milllamps of current; the 6-volt 
, lampr 2 mill!an^s* 

We need to find what value of resistors will do the Job* 



'24V 






We plan to add the 6-volt lamp across 
because It requlres^ess voltage than 
the 12-volt lamp* 

Note : The schematic shows the new branch 
running to chassis (grounded to the chas- 
sis) where current makes a complete path 
through the metal case* It could also be 
drawn with a line Indicating) cbnnectlng 
wl res * 

How we add the 12-volt lamp across R2^ 
and Ri as shown* It Is also groun^ied to 
the chassis* 

The 6^volt lamp draws 2 milllamps^ so we 
can write that on the horizontal tine as 
shown* The 8 milllamps that the 12-volt 
lamp draws Is written on the proper line* 



eric; 
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Notice that we now have a voltage divider Consisting of ^> R2^> 
and R3. The lamps, PS] and D S2 > are the load resistances. One of 
the divider resistors nas none of the load current flowing through 
it* This resistor Is designated the b ieeder resistor ^ 



R2 



3m a 



b)Md*r 



In this network, R3 is the hieeder 
res is tor* 



There are three steps to foJIow in order to design this voltage 
divider network once the load voltages and currents have been 
determined* 



Step One ; Determine Bleeder Current* 



«2: 



VI— ^ 



8mo 



2ttto 




DS2 



r irrent drawn by the bleeder resistor Is usually 10^ (l/IO) of the 
value of the sums of the load currents unless stated otherwise, 

'dSJ ^ '052 ^ ^ 'k3 
8ma 4- 2ma x 10% » Ima 

Also, we know that the bleeder resistor^ R3^ is In parallel with 
the 6 volt load. If we need 6 volt; across the Ioad> then> E^^ 
mus t be 6 vol ts , 



Using Ohm's Law, determine the resistance value of the bleeder 
res i s t(. r * 



"3" 



Bleeder resistor is determined to be 6 ki Johms. 
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Step Two : Determine the Needed Value of R2_* 




Now we need to know what value resistor to use for R2^. We can 
solve for R2 by Ohm's Law if we know the current through this 
reststor and the voltage drop across 

At point 8^ current through DS1 (2 ma) Joins current through IR3^ 
(} ma) for a total of 3 ml 1 1 lamps flowing through R2^^ Looking 
at the schematic we see thai the 12 volts to supply the second 
loaJ Is tapped off across both R2 and R3^* We know that the voltage 
across Is 6 votts* For the voltage across R2 and R3_ to equal 
12 voltSr the voltage across R2 must also be 6 volts^ 



tf ^ volts and t^^^ 3 milUamps^ what Is the value 
of R2? 

You should have found that R2 needs to be 2 kHohms* 

Step Three ; Determine the Needed Value of Rl^* 

We find the value of Rj_ In the sanve way we solved for R2_ — de- 
termlne and Ep. and apply Ohm*s Law. 
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Recall that we have 3 mllliamps going through R2. At point A, 
this current joins with the 8 mllliamps through the second load 
to be a total of 11 milliamps through Then ij^j = D milliamps. 

Voltage drops across and R^. ^^^iJ^' '2 volts. The applied voltage 
IS 2^ volts; therefore, the remaining 12 volts must be dropped across 
RI^. Then E^^^ ^ 12 volts. 

By Ohm's Law RI = = ^ ^ = KI kfi 

RJ^ needs to be a I . I ko. res is tor . 

We have designed a voltage divider that will actually supply 
6 voits to DSl and 12 volts to DS2 by f^llwing thei^e four 
steps : 

1. Determine bleeder current. 

2. Determine the value of R3- 
3- Deternnne the value of R2. 
^- Determine the value of RT^. 

If the circuit had more or fewer resistors, there would more 
or fewer steis, of course. The obje'^tlve is to determine the 
correct valu; needed for each resistor in the circuit to supply 
output volta^^es as required by the loads. 



Now see if you can design b voltage divider for the following 



a 50"Volt lamp that draws 5 mllliamps 
I and a lOO-voU lanp that draws IS 

200V ^ mill lamps ^ 

Bleeder J_ = 

. f^3= 

"3 

Bk*d*r R2 = 

Rl = 



Your divider should look like this: 




= i ma 
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'R2 



7 ma 
50 V 



R2 » 7.1^ kn 



•Rl 



100 V 



« 22 ma 
Rl « k.5 kil 



By working out the quantities for the voltage divider beIow» 

find E . 

a . 



25mo 



15mw 




|r5 

i 1 



Load Current » 50 ma 
Bleeder I » 5 ma 

^R2 " 



Your answers should be: 



'R^l 



:ov 



E,3 75V 
E^^ - 90v 

^^y" llOv 

E, " 325v 



UCM suppose you need to design a ^/oltage divider to suf>ply both a 
negative and a positive voltage. Your procedures are the S3me f*-. 
for designing any other voltage divider, except for locating ground. 



8<j 
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Indicate the placement of chassis 
DSl ground necessary in this circuit 
to obtain a negative 20v at point 
C and a positive 50v at point D* 



in order to get a -20 volt output and a +50 volt output y^u should 
have placed your reftsrence as shown below: 




Solve for the value of Rl^ Ip the circuit shown above* 
Rl = 



To solve for Rl^^ you must determine current thru R2^* If 50V 

is dropt^ed across DSK then ER^ must be 20V. R2 has a resistance 

of 5ft; so tR2 ■ ^ amp * 




DSl draws k an^s. It gets 2 amps 
from the current flowing through load 
R3* At point B the 2 amps flowing 
through Rejoin with 2 amps of the k 
arrps flowing through R2^. The other 
2 aii^)S from R2^ flew through Rl_. 



then Is 2 amps and E^^ must be 50 volts to supply nhe load* 

50 V 

By Ohm's Lawj we can calculate that Rl = 2~a~ ^* 
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If swftch SJ^ is closed^ what will happen f the followfng: 



(indicate wfth arrows) 



A;iswers: 1^ + 

AT THIS POINT YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY AKY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHcCK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF 
NOT, STUDY AfJY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER 
ALL THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON I If 

Voltage Olvlders 

TEST FRAMES ARE 15» 2$ ANO 28. AS. BEFORE, GO FIRS^ TO TEST FRAME 15 ANO 
SEE IF YOU CAN ANSWER ALL THE QUESTIONS THEf^E. FOLLOW THE OlRECTIONS 
GIVEN AFTER THE TEST FRmME. 



I. Recall that different polarities of voltage can be obtained by 
varying the common .reference in the circuit. 

The common reference point In a circuit Is called a 

and Its symbol Is . 



^ X — ^ 

(ground; ) 



2. As you have already learned, a series circuit can provide various 
voltages depending upon where ''the voltage Is taken frojn. 

How nwny voltages could be provided by the following circuit? 
Assutrte ground Is always part of the load circuit. ^ 

A 

:v5P ft 

'10£J r 



45Q ^ 




(three) 
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3. Refer to .the previous diagram. What Is the voltage magnitude and 
polarity at points and C with no leads connected? 

A, ^ 

B. 



[A. +60v; bT^-SSv; C. +45v) 



As you can see^ various magnitudes and polarities of voltage can be 
^ supplied by a simple series circuit. This js the purpose of ^ 
voltage divider. 

State the purpose of a voltage divider (in your own words). 



{To supply various polarities and tnagnltudes of voltages.) 

5* (n Its simplest fornix a voltage divider consists of a simple 

series-parallel circuit* The parallel portion contains the load 
(DSO being supplied. 



Clrble the load In the following: 



I 




P-U ^ Seven-Ill 

6< First letS take a look at ttie series portion of a voltage divider* 
Solve for; 



I 






't- 




E 










e< 


'r2* 



{a. 0.5a or SOOma; b.^v; SOv; d. 0.5a; e* 0.5a) 



7< This condition with no 1oa4 connected Is taiown as the no-load 
condnion. 

Wtilqt) of the following diagrams shows the no-load cond|tIon7 
, A ' ' 1.8 - • 



[ 




m94 
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8. Using. the same circuit, let's se^ what happens ^when* a load is 
attached. 



SoK'e for: 



75v 



a • ^ I j» ^ 



b. E^^. 




lOOR ^LOAD* 



(a. 0.75a or 750 maj Tj. 37.5^ c. -37.5vj d. 37. 5v; e. 750ma; 
f. 375ina or 0.375a; g. 375A.r 0.375a) ^ 



9. '^s you have seen, connecting a load to a voltage divider changes 
the output Voltage. ' ' ' ^ 

Use arrows to show v^at happens when the load is connected. 

1 ^ ■ ' 



=1 

load 



a. t-j 

b. E 



(a. t; b. -iT 



V 
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to. The restst^i;&R2 In the below c!rcult Is known as the bleedci^ 
resistor. 

CIrcte the bleeder resistor. 



f»ad 



n 





— 1 




load 



tt. The bleeder resjstor Is a resistor In the vottage divider network 
through which none of the toad current flows. 

Sotve for the current flowing through the bleeder resistor crJer 
no-load condition. 



24v 



13(1 



'R2 - 



(1 amp) 



9tj 
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12. We have discovered that the voltage available at a given point un- 
der no-load conditions is not the same as the voltage at the same 
point when a load is attached. (Note: This is true only when 
there is a resistor through which the load current will flow be- 
tween the point where the load is attached and the source.) It 
becomes apparent then that a voltage divider must be designed to 
supply a 9iven load. 

Let's see how this is done by designing a voltage divider to sup- 
ply a load drawing 10 ina requiring a voltage of 2k v. 

First the current through bleeder resistor R2 is determined by 
knowing that 1(^2 usually is ]0% of the value of the sum of the 
load currents unless stated otherwise. 

Second, find the resistance value of bleeder resistor R2. 




(i^ 1 1 ma) First, }0% of 10 ma = 1 ma. Next came the naed to 
use your knowledge that current in parallel branches Join and are 
added to become total current. 

ly = lj^2 ^^^^ current 
ly = 1 ma + 10 ma = 1 1 ma 

(R^ = 2** m) You had to do a little thinking here. You had to 
first remember that th» branch voltages 5n a parallel network are 
the same. Then you had to use Ohm's Law to find R2- 

2 1 ma 
= 2km 
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13. Kirchhoff's Voltage Law (£ 
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^ - Epjj - Ej^2 ° 0) enables you to find 



the voltage drop across Rt^. 
Solve for E, 



*R1 



U 



■Rl 



lOitKi 34v 



"I 



iDiSI 



)(t. Knowing I- and Ep. enables you to determine the value of RJ_, 
, solve for'RI.: ' 



«1 <"l 





RI 



DSI 



(1>090 fl) 
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15. Determine the value of resistance for Rl_ to supply the indicated 
load* . .1 



j: 



T »i>v *y 



5nia 25v 
» 



le«d 



T 



RI 



(THIS IS A TEST FRAME. COMPARE YOU ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 15 
10 kSl 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO TO TEsT FRAME 
23. OTHERWISE, GO SACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE 
BEFORE TAKING TEST FRAME 15 AGAIN. 



16. You will work with voltage dividers which are used to supply more 
than- one load. They are solved In the same way as the simple 
vcUage divider you just solved. Let's go through one step 
by step. 




(25 m 



n 



p. I * Seven-) 1 ) 

17* You now know the 6)eeder current and the current though load ), 



T I90v 



13iMi lOOv 




Sum 50v , 

load a 



2'5kn 



R2 



tlO ma) 



18, The voltage drop across R2^ can be determined by. application of 
Klrchhoff's Voltage Law. 



I 



190v 



12ina tOOv 



1 #^ • 














id3 



R2 
'R2 
'R2 



E 2 

"loao 



LOAO ' 



100 V - 50 V 
50 v) 
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19. 



:=:i. *y 

190v 



13 mo KK>v 



;Ell3 50v 
SjBflSOv 



"3 
SOv 



3£, [ Iood2 



Seven-Ill 



Solve for E 



R1 



■Rl 



20, Using the current through R2^ and LOAD 2, total circuit current can 
be found . , 



190v 



R2 



ttmo lOOv 



IR2 
lOnw 
Sma 50v 



Solve for I. 



(22 ma} 



21 , Now solve for the value of Rl,, using the Information In the above 
cl rctilt. 

Rl « 

- 
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22. Solve: 



Seven- 1 ! I 



«3 



50ma 



5kn 



30 mo 



5kn 

aOnw JOv 
load 



R4jf 5k»ilfl« 



load 3 I 



,1 



a. Bleeder I 

b. E 



c. 
d. 
e. 
f. 



^R2 

^Rl 
E 



(a. lOma; b. 50v; c. 150v; d. 180vj_e. 220v^f. 600v) 



23^ Using the partial schematic below^ design a voltage divider sche* 
matic having a source voltage of 35v that will finish: 

DS1 > a 12v lamp drawing 2 nia^ and 
0S2 > a 2hy lamp (Jrawlng 8 ma* 



/ . N I 



1 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) ' 
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■4^ 

AkwERS - TEST FRAME 23 



35v 



*1 
"3 



Sma 24v 



DS2 



^DSI 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS* YOU MAY GO TO TEST 
FRAME 28. OTHERWISE, GO BACK TO FRAME 16 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 23 AGAIN. 



2k, As you learned earlier both positive and negative voltages may be 
' ' ' * le voltage divider by placing a ground In the 



obtained from a sltig1< 
circuit as a reference. 



Solve for voltage and polarlt 




Point A 
Point C 



U^i = +25v; Ej^ - -25vJ ] 

* 




P.I 
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25* Solva'^for the magnitude and pplartty of voltage with respect to 
ground* 



I 




LOAD ' 



26. Solve for magnitude and polarity of voltage with respect to ground, 



toadi 



LOAO-1 



3k ft 



t£«, - +5v) 



P.I. 
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27. Ustng the mthods learned, solve the following for magnt tude and 
polarity with respect to ground: 



IQM>3 

J33ft 




"LOAD 1 = 



■LOAD 2 = 



(Ej^Li - -lOOv; E 



RL2 



+200vJ 



28. In the schematic below, determine the value of RJ, and Indicate the 
placement of ground required to supply th^ loads as indicated. 



-50v load (2 amps) , and 
■flOOv load (3 amps) 



L 



•S-lSOv ' 



^ 25(1 



toadfl 

■+100V 
3a 

leads 

-50v 
3a 



RI 



(THIS IS A TEST FRAME. COMPARE YOj ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST'FRAME 28 



r 



Rl * 100 n 



load I 
+K>OV 
3a • 

Iftticl 



IF ANY OF YOUR ANSWERS IS INCORRECT, 60 BACK TO FRAME. 2^ AND TAKE 
The PROeRAMHED SEQUEflCE. 

J . ■ 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS !,HC^,K, OR YOU 
MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU "^aKE THE^PROGRESS 
CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YQU HAVE KASTERF.D THE 
MATERIAL AND ARE READY TO TAKE THE MODULE TEST. SEE YQUR LEARNING 
SUPERVISOR. . ' ' 

IF YOU DECIDE NOT TO TAKE THE PROGRESS C-HECK AT THIS TIME, OR, IF 
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION . 
VOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUfSTIONS ' 
CORRECTLY. THEN SEE YOUR LEARNING SUPERVISOR AND ASK TO. TAKE THE 
MODULE TEST. 



99 



l07 



Summary 



Sftven-1 1 1 



SUHHARY 

LESSON in 



Voltage Dividers 

When Voltage of a specific magnitude and polarity Is needed to operate 
components or equipment, we often construct a circuit called a vol tage 
divider * It Is usually a series-^paral let circuit* 

Let us consider the values for a voltage divider needed to supply 
Voltage and current for two small loads, DSl anrf DS2* The circuit may 
tooK' 1 Ike this: 




DS2 



First, wo must determine the load requirements* For thi^s example, DSl 
is a 6*volt lamp which draws 2 mllUamps and DS2yJs a lamp that requires 
I2-volts and draws 8 mllHamps* The applied Voltage*. (E ) is 30 volts, 
and !R- usually ts lOt (l/lO) of the value of the sums of i^jj and i^^^ 
unless stated otherwise* 



i-.i 



30V 



12V Smo 



dV 2mo 



©OS. 



From this Information, you can .find Ij^- (I ma) and R3 (6 kllohms) by 
■ ' U„ mjst be the sum of " • ■ f. .\ 



using Ohra's*Law. 



'r^ ^"'^ 'nsi ^3 ^R2 
•^Osing OKm's Law, R2 is found 



equal'to-the difference of E-^, and 

to be 2 kiJohms, -1^, Is the sum of 1^^ and ( 11 ma) and E„, equals 

30 V - 12 V (18 v). So Rl, must be 165*^ ohms 
be used. 



16§? ohms W 1700 ohms resi^?or wou-ld 



Because the current flowing through Redoes not flow through ihe loads, 
it is calleci bleeder current. is called the bleeder resistor. 




Sumcnary 
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To review the procedures In finding the values for a voltage divider, 
the following steps are used- ^ 

K Determine the toad requlreinents^ source voltage, and bleeder 
resistance (current). 

2. Calculate the resistance needed to provide the voltage for the 
second load, 

3, Rf^e^t step 2 for each additional load. 

After the divider resistor value for the last load is founds 
subtract that toad voltage from the source voltage. Using 
Ohm's Law and total current* find the resistance value needed 
to drop this difference. 



Apply this method to find Rl, In the circuit shown below: 



Rt » 5 K£l 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK^ OR YOU MAY STUDY 
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH, iF YOU 
TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO 
TO THE NEXT LESSON, iF NOT, STUDY ANOTHER METHOD OF INSTRUCTION UX- 
TIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTL^ 




73v 6m^ 



fSOv 13,5ma 
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